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Tt has %een found that the
are denem!ent to a lar~e extent

properties of hea%resisting alloys
on the conditions of fabrication.

Becaus~ the large size-of certain gas-turbine rotors has introduced
fabrication procedures for which -hf~tion Is not available, a
research progr~ was begun at the University of Michigan to ascertain
the properties of the better a~oys h the form of large forgings.

On the lasis of prior investigations of bar stock and a large
u cheese forging, CSA sJLoy was thought to have promising properties

for gas-tur%ine rotor service. Two cheese forgings were prepared as
large discs by the Crucible Steel Company of America from the same

. heat of WA alloy. These two discs were heaktreated end hot-cold-
worked. They differed only in that one was given an aging treatment
foil.owhg solution treatment and prior to hot-cold-work and the other
IHd not have this intermediate aging. The discs were cut up for
experimental pzrposes, and several radial coupcns were supplied to
the University of Michigan for investigation for the NACA.

The data obtained on properties at room taqerature and 1200° F
showed that the aging treatment was beneficial to the rupture
properties of CSA alloy, while no effect in tensile, hardness, or
time-deformation properties was observed; extrapolation of the rupture
data, however, indicates that the beneficial effect of the aging would
be lost at time periods of approximately 10,000 hours.

—

The relation of properties of the discs of CSA alloy with those
of bar stock, an a+fcrged disc, sad discs of other alloys depends on
the processing procedure amd heat treatment as well as on the chemical
composition. %cause all these varied, direct evaluations of individual
factors cannot he made.
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JXT!RODUCTION
1

.

The need for hqwoved materials for use in gas-turbine rotor
applications has led to the development of several allo s with good
high-temperature properties. IOne of these is CSA alloy which Is an
iron+ase alloy with an analysis of k percent manganese, 4 ~rcent
nickel, 18 percent chomium, 1.5 percent tungsten, 1.5 percent
molybdenum, end 0.5 percent colu?ibium. This composition was developed
by the Crucible Steel Compsmy of America in cooperation with the
National Adtisory Committee for Aeronautics.

This report presents the results of a study of the properties at
room temperature and 1200° F of two large discs of CSA alloy. The
principal object of this investi~tion was to determine the level of
properties which could be developed in the alloy in the form of kcrge
disc forgings. The chemical composition had been modified by increasing
the carbon and lowering the colunibiumcbntents, a change suggested by
previous work for lmpraving strength. h additfcn the data obtained.
made it possible to show the effect of an aging treatment following
solution treatment and preceding hot-cold-work on the properties of
these two otherwise slmilerly processed discs, to compare these
properties with those of a lerge as-forged disc of CM alloy previously
studied, and to determine the degree to which the properties of bar
stock could be reproduced in Wgq forgings.

Room temperature and 12C0° F are the two temperatures at which
properties of materials have been considered as an indication of-their
performance as rotors in current jet engines. Satisfactory rom
temperature properties are needed to withstand the high stresses
existing at low temperatures near the hub. Gocxiproperties at 1200° F “
are believed to be a necessary requiremmt--.ofmaterial near the rim of
the discs.

These discs of CSA alloy are two of a number of discs of various
alloys which are being studied. The results obtained from investigations
on large discs of CSA, 19+DL, low-csrbon =155, and Tfmken alloys sre
given in references I to 6.

This work was conducted at the University of Michigan under the
sponsorship and with the financial assistance of the NatiQnal Advisory
Committee for Aeronautics.

.
‘The original heats of this alloy were designated as 23&A-~ alloy

and were reported under that name. The name has since been changed to
CSA alloy.

.

,
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DESCRIPTION OF DISCS

Information concerning the two discs of h@&carbon CSA alloy is
sunmwrized as follows:

Manufacturer:

The Crucible Steel Company of America

Heat n-her:

Induction heat lX2280

Chemical composition:

I!othdiscs were prduced frcunthe same heat, The chemical “
composition was reported to be the following percentages by
the (lrucibleSteel Compsmy of America:

0.42 4.47 0.030 0.016 0.41 18.06 5.20 1.30 1.20 0.28

This composition is quite close to the original analysis of the
alloy but is considerably higher in csrbon smd lower in
colunibiumthan the disc used for the work of reference 2.

Fabrication procedure:

The following informatimc oncerning fabrication of the two discs
was supplied by the manufacturer:

The-heat was cast into a l>inch-qusre ingot, and the ingot
was ham.er=ogged on a T-ton hamner to a >incl&squsre billet.
Two 2gG-pound slugs were cut from the btllet, heated to 2150° F,
end upset end rounded in one heat on a T-ton hammer to 2&incl+

dismeter by ~ -inck+thick discs. The finishing temperature

WI 1650° F. One disc was stamped 5 and the other, 60 The
additional heat treatments snd details of hot-cold-working on
the individual discs are as follows:
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(1)

(2)

(3)

(4)

The

Disc ~

Solution-treated at (1)
2050° to 2100° F.

~ooled to room .(2)
temperature.

Heated to 1420° F. Hot- (3)
cold-worked on l’-ton

hammer to 3* inches thick

(approximatelyl&percent
reduction) to an estimated
finishing temperature
of 1250° r.

Stress-relieved at 1200° F (4)
for 4 hours and air-oooled.

Same as

NACA TN No. 1533

Disc 6

for disc 5.

Al=ooled to 1400° F and
aged 2~hours. Air-cooled
to room temperature.

Same as for disc 5.
-.

. .-

.—

Same as for Msc 5.

final disc sfze was 20 inches in diameter by ~ inches thick.

Four radial strips 1 inch wide and 3$ inches thick from each disc were

supplied for testing to the University of Michigan.

EXPERIMENTAL F!ROCEDURE

To evaluate the properties at room temperature and 1200° F of
the two CSA alloy discs the following testing program was decided
upon:

(1)

(2)

(3)

(4)

(5)

Tensile tests at room temperature and 1200° F

Rupture tests at 1200° F

Creep teats at 1200° F under a stress of 25,0G0 psi

lilminess,tensile, and rupture tests to show uniformity of
the disc material

,
Stability studies based on hardness, tensile, and magnetic

tests and metallographic examination of the syecimens
after creep and rupture tests

,

.

.

●
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The major emphasis was placed on the high-temperature properties
of radial specimens fYom near the rims of the discs because the rim
is heated to the highest temperatures during service. Data on stress ‘
agafnst the-for total deformation were obtained from the elongation
curves from the rupture and creep tests. ..

The test specimens were obtained frmn coupons cut from the discs
according to the diagram of figure 1. This drawing shcrwsthe location
of the specimens and the identifying code. b the cede the letters X,
Y, @ Z refer to locations of the coupons wtth respect *O the faces
of the discs. In the tables the specimens designated by a C after
the specimen nuntberwere from near the center of the disc. All other
specimens were from the rim end of the coupoti. Tensile @ creep
tests were conducted on stenderd 0.505-incMismeter specimens. The
specimens for rupture tests were of 0.160-inch diameter.

RESULTS

Hardness Surveys

There was very little difference in hsrdness between the two
CSA alloy discs. (See figs. 2 and 3 and table I.) Both discs had
Rrinell harnesses falling in the general range of 230 to 255, although
some of the values were outside this range. The hardness surveys showed
that the discs had somewhat higher Wdness nesr the rti than nesr the
center. Ih general they also were harder near the surface exposed to -
forging than in the intericm. However, the over-all harnesses of the”
discs were uniform for forgings of this size.

Short-Time Tensile Properties

The tensile properties at room temperature and 1200° F =e presented
in table I smd the curves of stress against strain sre included as
fQures 4 * 5.

The tensile properties of disc 6, which was aged following
solutim+treating end ~eceding hot-cold+working, are only slightly
higher than those of disc 5, which was not aged. Average rocm+
temperature O.O%percent-odfset yield stren@hs of discs 5 and 6
were 47,80Q end 50,3cx3psi, respectively. Both discs had rbc
temperature tensil+test elongations varying from 15 to 30 percent.
The ductility was lowest in the center plane.

9

At 1200° F both ciiscshad tensile strengths of about 60,000 psi,
O.>percentiffset yield strengths of 43,000 psi, and elongations of
ap~oxbatel..y 30 percent.
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Rupture Test Characteristics

The rupture test data at 1200° F for the two discs of CSA alloy
sre given in table 11. Included in this table are the estimated
ductilities to fracture and the rupture strengths at definite time
periods obtained from the logarithmic curves OF stress against
rupture time of figure 6. .-

Disc 5, which was not aged before hot-cold-working, had
strengths for rupture in 100 and 1000 hours of 37,000 and 31,500 psi.
Corresponding strengths for disc 6, which was aged, were 41,000
end 34,000 pSi. Comparative ductilities to rupture of the discs
were l>percent elongation to rupture in 1000 hours for disc 5
and 9 percent for disc 6. .

Rupture tests on specimens from the three locations desi~ted.
in table II were run to obtain an indication of the uniformity of
rupture properties of-the discs. These tests shaw the relative
fracture times of center and rim material under the stress which
gave fracture In 100 hours in the series of tests on rim specimens
from the center plane of the respective discs. Disc 5 showed no
appreciable variation in rupture strength between locations. The
specimens from neer the center and near the surface of disc 6 gave
shorter rupture times than the cente~plane radisJ speci~n nesr
the rim.
complete
for such

This disc was weakest near the surface at ;he rim. A more
survey would have included tangential specimens, but material
test specimens was not provided.

TimsDeformation Strengths

Only a limited amount of time-deformationdata was obtained for
the two discs of CSA alloy. These data for both discs have been
combined in figure 7 along with data for the as-forged low-carbon
CSA alloy disc previously studied. On the basis of one creep test
on each disc the properties at the lower deformations and longer time
pericds appeqr to be very similar to those of the previously tested
low-cerbon CSA alloy disc. However, at the higher deformations and
shorter time periods the strengths of the hot-cold-+orked hig&csrbon
CSA discs are higher than t,hat--ofthe low-carbon CM disc. we
transition curves are also higher for the two high-carbon CSA discs.

The curves of,stress against the logerithm of the time for
total deformation were plotted from data in table 111. These data were
taken from the t-longati.on data for creep and rupture tests. The
stresses to cause the various total deformations in time periods of’1,
10, 100, 1000, and 2000 hours, defined by the cmves of stress against
time for total deformation, are shown in table IV. I!othdiscs have
very similm timqeformation strengths with the stress to cause a
total deformation of 0.5 percent in 1000 hours being 25,000 psi.

*

● “

*
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Creep Strength .-

Data from time-elongation c~ves for creep tests, including total
deformations in 100, 500, and 1000 hours and creep rates at 50-0
and 1000 hours, sre shown in table Q. The minimum creep rates for
the rupture tests are given in table II. Minimum creep rates from the
rupture tests and the creep rate at 1000 hours for the creep tests are
plotted against stress on logarithmic coordinates“’bfigure 8. These
curves for discs 5 smd 6 are compared in figure 8 with the curve of
stress against creep rate for the previously tested large forged disc
of low-car%on CSA alloy. Only one creep test was conducted on
materials from the.two discs, 5 and 6, to furnish comparative data.
A creep strength of 23,500 psi for a rate of 0.0001 percent per hour
was obtained fcw both discs. However, on the basis of the curves of
figure 8, disc 6, which was aged, appeers to %e slightly superior to
disc 5.

Extrapolation of the transition curves of figure 7 for both discs
indfcates that the O.0001-percent-pe=hour creep strength of 23,500 psi
will be a safe design stress for this mterial out to ‘timeperiods
of 10,000 hours.

Stability Characteristics

The effect of creep and rupture testing at 12@”.F on the roon+
temperature physical properties; the magnetic susceptibility; snd the
microstructure of the CSA alloy discs wae used to evaluate the
stability characteristics of this material.

l?othdiscs had lower ro-temperature tensile properties @ter
creep testing end showed a smdd decrease in Vickers hardness during
rupture testing as is shown by the test data of table VI. There w=”
no appreciable chsnge in magnetic susceptibility during the rupture
testing of either disc.

P’k&omicrographs of the original material and cmnpleted-rupture-
test specimens sre shown in figures 9 to 11. Original mtcrostructures
=e representative of the structure near the rim and near the center”
of the discs. There was considerable variation in grain size between
the disce and from the rim to center of the individual discs. Disc 5
vsried in grain size from 7 at the rim to 4 new the center. Disc 6
varied from 5 at the rim to 2 to 4 near the center.

Considerably more excess constituent was present in the structure
near the centers of both discs then near the rim. This excess con-
stituent appeared.as lsrger and more agglomerated~ticles near the
center. The aged tisc 6 ehowed evidence in a very fine precipitate.
No apparent change occurred in the microstructure of the discs during
rupture testing.

--.—
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DISCUSSION OF KESULTS
#

.

The properties oflthe two discs considered in this investigation
are summarized in table VII and compsred with the properties of an
as-forged disc previously investigated. These three CSA alloy discs
had O.O>percent-offset yield strengths rsmging from 40,000
to 50,000 psi at rocm temperature. The stress for rupture in
100 hours at 1200° F rsnged from 35,500 to 41,000 psi, and for
1000 hours from 30,000 to 34,000 psi. The ductility of the specimens
tested was good.

Test nmterial was not available for the determination of the
ductility at the exact centers of the discs. Low center ductility
has been a serious problem in most rotor forgings. The testing
program on CSA alloy has been restricted to pancake-type forgings
snd has not included a contour forging. Such physical tests as have
been made on the pancake forgings have not disclosed any outstanding
nonuniformity.

In the previous report on a Isrge forged disc of (XA alloy it
was recommended that improvement in properties of the alloy could be
gained by changing the columbi~to-c~bon ratio and, more important,
by introducing hot-cold-work into the fabrication of the discs.

,

(See reference .2.) The two CSA alloy discs of the present report
had these improvements incorporated in their manufacture. Specifically, #
the carbon content was raised and the colunibiumcontent was lowered,
and both discs were hot-cold+orked approximately 10 percent between
14200 and 12500 F.

In general the hot-cold+mrking and composition change of the
two higPcarbm CSA alloy discs did not result in an outstanding
improvement in properties. The tensile properties were somewhat
higher and the rupture strengths slightly higher. Tfmtieformation
strengths were @roved for the periods UY to 100 hours at high rates
of deformation. No appreciable difference between the three discs
was observed in creep tests at 25,000 psi. There is some indication
that the aging treatment prior to hot-cold+rorkwas of benefit to
rupture strength. Extrapolation of the curves of stress against
rupture time to longer time periods, however, indicates that the
beneficial effect of aging prior to hot-cold=work would disappear
at about 10,000 hours.

The l@-csrbon CSA disc was found to be very stable structurally
at 1200° F. This was also true for the two l@&csrbon CSA discs as
indicated by the microstructure, hardness, and magnetic studies.
Although the decrease in tensile properties during creep testing is
an indication of some instabi~ity in the alloy, it has been observed,
in general, that hotiold-worked alloys show a drop in tensile

.

●
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properties as an effect of creep testing. This is probably’the result
of the strain relief of the cold+~ked structure which occurs during
the long time at 1200° F.

On the basis of original microstructure the discs were not
uniform. There were larger ~ains and more sad larger particleti”of
excess constituents near the centers than near the rims. Neither the”
data from this investigation nor preliminary experiments on billet
stock indicate that this structural condition has an appreciable
effect on rupture-test properties at 1200° F. —

In general the comperat+ve data for CSA alloy bar stock in
table VIII show higher tensile properties and 100-hour fiptiu%
strengths than the large discs. The agreement in 100&hour’ruptur6
strengths is quite good. FYesumably the higher shcrtAime properties
and hsrdness of bar stock are due to their lower temperature of ho~
cold+mrklng . The rupture test ductility of the solutio-treated
and hot-cold+orked disc was much better than that of similarly
processed bar stock. It seems probable, from b~tock data, that
raising the solutio=treating temperature on the disc material would
produce low rupture test ductility.

The two CSA alloy discs had sllghtly lower rupture and tengile
properties than discs of l~DL and Tinikenalloys hut were ?mch
weaker than a low-cabon =155 alloy disc. (See table VIII.) Hawever,
the discs of the different alloys cannot be compared on the basis of
composition alone because the properties of these alloys vary with
~d.zction procedure. Variations in heat treatment and hot+cold-
working conditions mikeit impossible to show an exact relationship
between composition and properties.

k appraising the data in this report, consideration should be
given to the fact that reproducing these properties in other discs “
depends on the control exercised in production.- “AIS-O,the properties ._
of the CSA alloy discs would be expected to lose the beneficial
effects of hot-cold-work if the test temperature were increased much .
above 1200° F.

CONCLUSIONS

Sufficient tests have been made to indicate the relati-{eproperties
of two lsrge cheese-type forged discs of CSA alloy. The chemical
composition of the two discs was modified from previous heats of tl.e
alloy. Hoth discs were solutioktreated &hd hotiold=orked and one-
was aged prior toho+cold+ork. The following conclusions are
indicated by the data:
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1. Th’eproperties obtained were only slightly bettar than were
previously obtained for an as-forged cheese forging havfng lower carbon
and higher columbium contents. Direct evaluation of the two procedures
or the composition change cannot be made because the relative de~ee of
hot-cold-work and prior heat treatment of the as-forged disc is not
known.

2. An aging treatment at 1400° F ~ollowing solution treatment
snd prior to hot-cold-work was beneficial to the rupture properties
of CSA alloy, while no eff%ct was observed in tensile, hsmlness, or
time-deformation properties.

3. IMrapolation of the.rupture data indicates that the beneficial
effect of the aging would be lost at time pericds of approximately
10,000 hours.

4. The lsxge discs had good uniformity. Although the size and
amount of excess constituent varied from rim to center of the disc,
no adverse effect on properties was observed.

5. The data do not permit an evaluation of the room-temperature
properties in the exact center of the discs.

6. In general the tensile properties and short-time rupture
strengths of the discs were lower than those obtained from similerly
processed ber stock. The 100&hour strengths agreed quite well. The
difference was probably due to the bar stock being hot-cold-worked at
the lower temperature of 1200° F.

7. The tensile and 10&hour rupture-strength properties of the
two CSA alloy discs were, in general, slightly lower than those of
discs of other alloys. On the.basis of 100&hour strengths, agreement
between the alloys was satisfactory with the exception of the low-
cexbon N—155 disc which had higher properties. However, a strict
comparison between the discs cannot be made on the basis of composition
alone because the production procedures used for these discs were
considerably different.

University of Michigan
Ann &bar, Mich., March 17, 1947
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TABLEII
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llot-cold- m CRR 30,000 3037 10 16.5 .co12
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TABm Iv
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25,000 ------

33,000 27p~
Wo,w 30,%
------ 36,000

1
25,000 ------

339000 27,500
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--.--- 3&x0
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CREEP TEWIMT4AT KCO° FFORLlRGE DISCS OF CSAKLLOY

Crsep teat

condltiona hitial
,Total deformtlon

Disc ‘defonmtion
,(Percent)at - (peR%/R~eat .-

Slxeaa Ihlratbn (percent )

(psi) (br)
loohr 500 br 1ooo h Whr ImM hr

5 25,000 959 0.0142 0.Pq 0.423 0.330 0.000&) 0.00019

6 25,c00 !%0 .0155 .300 .419 .505 .00025 .00014
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Reeidual rocm-tcmperatum properties
1

Prior teatimg

~Hc Specinlan
Canditione Temeile Offset yield

~o- E~~ti~ Rednotion Vitianuder
etmngth e~

Tm S-trees Tt!m (WI) (pBi)
test (pei) (hr) ~ ?;%) (;2%3 ~se

0 .0S! percent O.1 percmt O.2 peroent

(a) (b) (b) (b) 126,253
?261

5 47,ih3 X,800 64,030 32,mo 23 2L6
%63

5= Creep 25,CQ0 m l!a,om 37,(XM 48,7X 54,003 22,500 % u .4 ---

5DY Rupture 30,0m 3037 ------- ------ ------ ---..- ------ -. ---- 245

6 (a) (b) (b) (b) 125,273 50,300 63,&30 69,300 Y3,aoo = m ,2 %$

6DY (j’reep 2!5,000 @ U,mo 38,X0 50,503 ‘j6,CCn 22,503 e14 9.4 ---

&Ii Rqptulw 34,CXXI$00 ------- ------ -. .-. . ------ ------ -- ----- 258

. 7
---NW!!

%ri@lal. Cmdition.

%ntar rim

‘%enter.

‘sPeoimen fracturcvi in fgigp m.rk.



mm m No. 1533

TABmvR

COl@@WIVEFH3PlEWl13CIF~ CSAAILOYDIECS .

Disc 5 6 Lm-carbonCaA
(a)

Heat nuder lx22&) lx2283 Ix+2m

Chemical oaupoeition, peroant:

c 0.42 0.42
Mn

0.25
4 A7 4.47

Si
4.14

.41 .41
Cr 1.8.06 M .06
m

18:z
g .2CJ s .20 s .76
1.30 1.30 1.46

P 1.20 1.20
Cb

1.51
.28 .28 .55

Fabrication E&Ot~~@d j Hot-gorgect; For@d from
2 21.CXIF, 2m0 r to 14C& r;
air-cAd; air-cooled to 12000 r, air-cooled.
10 percent l.!KQOF& 24 hr
hot -cold-work at MO F;
at 1420’3to IQ Peraent hot-
1253° F; wld-wurk at
lKx3° F, alr- 1420°b -o F;
Cmled . lxK10 r, air-

Cooled.

Rtiolpel Ertiell hardness range 23&255 230-25 EQ3-i?ly)

Rocm-tcaopemture tensile propartle8b:
Tensile strength, psi 126,250 m,- M7,4CX3
O.02-peroent-Off.9etyield strength, pBi 47,800 w,m 40,3al
O.l-permnt-offset yiekl strength, pei 58,&& 53,170
0 .2-percant-offsetyield strength, pal a~2 53,300
Elongation, percent In 2 in. ’23 3s
Reduotlon of area, percent 21.6 20.2 39.8

I?emfle popertles at MM” Fb:
!Cemile Amngth, PSI 58,&5 60,500 51,875
0 .2-peroant-Offset-yield strength, PSI 43,3Q3 43,2U0 40,mo
Elongetfon, percent in ~ in. 29

%.8
w

Raduction of area, percent 41.6 49.5
..

?upture charaoteriaticaet 1200° F:
lCO-hr rqpture strength, pei H,m 41,000 35,W
IX1-brrupture elcm~tion, pe.roentin 1 h. 25

34,0%
9

1000-hr rupture strmgth, pal 31,5C0 F?3,000
1090-hrra@.ure elongation,

peroant in 1 in. u “9 18

Cfma-dafarmationetrengths at 1200° ?7,PSI:
O.2 permnt in 10 hr B,000 25, w 25,000
0.2 percent in MO hr ------ ------ 21,W3
0.2 peroent in J3ca hr ----.- ---.-- 17,0CXI

o.5@melltinlCJilr 33,0C0 33,~ m ,m
O.5 percent In 100 hr 27,W 27, %0 27,W
0.5 percent in 1000 hr 25,000 25,W0 *,om

1 peroent b 10 hr ‘%o,occl %o,om 33,m
lperoentinl.oollr
lpermnttilomilr Z?; z% 234z 225%

Transition in 100 br 36,0cm 38,m
Tr.mM.tloninMoo hr 9,m 3!2,CXXI 3%

hop strengthat lKK)OF, pal:

R
0.00001peroent ------ -—. 9,000
0awl POromt %3,500 *3, %m 21,m

%eta ?rcm referance 2.
-=5$$=bAvem@ ~~ues for radid. Womm.

‘?Eet3mated. —.
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CouponsReceivedforTesting Discdimensions:20-in.diameter by

Disc 5: solution-treated”; hot- 3-1/2in.thick

cold-worked / B
5B X, Y, and Z
5D X, Y, and Z
5E X, Y, tid Z
5G X, Y, and Z ~

Disc6: solution-treabd;aged;
hot-cold-worked
6Bx, Y,andz
f3DX, Y, and Z
6E X, Y, and Z
6G X, Y,”andZ

Numbering ofcoupons

T

.

.

.

.

Figure l.- Diagram showing location
Of CSA tiOy.

oftestcoupons@ largediscs
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104. 210@ F dr-coold b 141YJ0P, 140@ F 24 h; 10 percent hot-cold-work; 120@ F 4 hr (coupon 6BX)
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h from center end to rlm ed of test coupon

Surface exposed b forgfrg

Surface next b Y- or center plane

m 2.- Varlationinhardness from centertorf.moflargedfsceof GM alloy.
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Disc 5
2100° Fair-cooled; 10percent hot-cold-work; 1200° F4hr

255 255 235 255 241
“r

241 248 241 241 241 248 241 3+”

255 255 241 248 255 ~

20”
m

Disc 6
2100° Fair-cooledto 1400° F; 1400° F24hr; 10 percent hot-cold-work;

1200° F 4 hr

.

T
31

1!

z

L

255 238 241 241 255

248 255 235 235 235 241 241

255 255 248 255 ’255

Figure 3.- Brinellhardness survey enlarge discs of CSA alloy.
(Data from Crucible Steel Company of America.)
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Elgh-cerbon CSA dlec 5

Rupture time,h.r

Rupture Ume, hr

W9=-

?kmUOn of speeimen in dfec

o Center radial epecimen near rim

● &Mace radfd specimen mm rim
❑ Center radisl specimen near center

——— Law-cartrm CSA alloy forged dfec.
(See reference 2.)

EIgure 13.-curvea of streee against ruptore time at lZW F forcltecsofCSAIdloY..
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50,000
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I I I I I I I Ill Dlec56

time A ❑ CreePdSta

\ A ■ Rupture data
Disc 6 A B fi~itiOD

*’H Extrs@ated
1 I I 1 I

—Low-carbon CSA alloy disc

(See reference 2.)

\ -L
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t , , , 1 140,CKQ I I I I I I H-L L.m I !
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{ 90,coo
.

2LI,IXQ I I I I Iltll I
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10, COO
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, Io,cm

Figure7.- Curves ofstressagainetUme forH deformationai12000F fordisceofCSA alloy.
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60,033

50,Crx)

40,000

So,m

E

~ 20,001

E
m

lo,rm

“IF8, 0
7,CC+3

.00

Creep rate, percmtfir

Insc Treatment

x EQh-cartmn 5 W@ F aW-cool@ 10 pmcam tat-cold-work; l~” F 4 hr
❑ Hl@-cWcm 6 21@ F eir-cmld to 14C@ F, held 24 hr; 10 percent hot-mld-

wdq 12C@ F 4 b!
o LOw-carbm _tim21@ Fto140@fi12@F4iu. (2eereferenca2J

4 Te8t entered M-stage areep

~2Ure&- Corvesof 6treaaaga3nat creep rated lXWYJFiordlmao fC9Ardloy, (AlldaWatatra-9.Wn
above 27,CCUpal from rupture wets.)
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NACA ‘TNNo. 1533 29

100X 100ox
(a) Radia.l section near rimofticti Y-plane.

100X 100ox
(b) Radial section near center oftiscti Y-plane. =&=

Figure 9.- Original microstructure of disc 5 of CSA alloy. (Disc
treatment 2100° Fair-cooled; 10percent hot-cold-work;-
1200° F 4 hr.)
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loox
(a) Radial section near

l-ooox

rim of disc in Y-plane.

100X 1. UUUA

, (b) Radial section near center of disc in Y-plane. ~

Figure 10. - Original microstrucimre of disc 6 of CSA alloy. (Disc
treatment: 2100° F air-cooled to 1400° F; 14000 F 24 hr;
10 percent hot-cold-work; 1200° F 4 hr. )
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NICATNNo. 1533 33
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Fracture - 100x Interior - 1000X
(a) Disc 5: specimen 5DY; 3037 hours for rupture under 30,000 psi.

—.

~acture - 100X Interior - 1000X
(b) Disc 6: specimen 6BY; 906 hours for rupture under 34,000 psi.

=3%=’
Figure 11. - Microstructures of completed 1200° F rupture specimens

Of diSCS Of C!$3A~OY.


